Abstract { In this paper an equivalent network representation of planar gratings with periodic distribution of dielctric constant is presented. The shown method can be applied in the same way to scalar{ as well as to vectorial di raction problems. Using this technique di raction of plane waves by periodic dielectric gratings can be analyzed using methods already known from conventional network theory. The derivation of the network is based on a strong electromagnetic theory based approach. Due to the periodicity of the arrangement the grating permittivity and the eld strengths are expanded in terms of Fourier series. The application of the Coupled{Wave{Theory leads to a system of ordinary di erential equations describing the tangential components of the electrical and magnetic eld strengths which can be solved using conventional transmission line theory.
Introduction
Due to their eld of application within optical communcation systems, dielectric gratings have become more and more important in recent years. As an optimum design and dimensioning of such gratings can only be based on eld calculations a lot of numerical methods have been developed and investigated 1, 2, 5, 6] . This paper deals with an equivalent network representation of dielectric gratings. Detailed investigations in the application of the Coupled{Wave{Theory 2, 3] have shown that simple relations can be derived which describe important system{theoretical properties of the di erential equation system. By this, an impedance matrix and, introducing power waves, also a scattering matrix can be de ned to describe the dynamical grating behaviour. The elements of these matrices can be calculated using conventional transmission line theory 3].
Basic Theory
Consider a planar grating with periodic distribution of dielectric constant separating two homogeneous mediums. This grating which is assumed to be uniform in the y{direction direction is illuminated by a homogeneous plane wave of any polarization and incidence from z > z 1 (Fig. 1) . The electrical and magnetic eld strengths of this plane wave are given by (1)
Here, 1 is the wave vector of the incident wave. Its direction is determined by two angles # 0 and ' 0 . ' 0 is the angle between 1 and its projection e 1 onto the plane y = 0 and # 0 is the angle between e 1 and the z{axis. Within the grating region the x{ and y{components of the eld strengths have to satisfy a system of partial di erential equations obtained from Maxwells equations. Due to the periodicity the permittivity and its reciprocal value can be expanded into Fourier series of the geometrical grating period (Fig. 1) . The eld strengths within the grating region are pseudo periodical in x{direction 2]. Consequently, they can be described in terms of Fourier series. The application of the Coupled{Wave{Theory leads with consideration of the periodicity to a vectorial ordinary di erential equation 2, 4]:
x E (z; j!) x H (z; j!) : (2) x E (z; j!) and x H (z; j!) are vectors of the dimension 2(2M + 1) which comprise the coe cient{functions of the x{ and y{components of the electrical and magnetic eld strengths. The parameter M characterizes the upper (+M) and lower (?M) summing index in the corresponding truncated Fourier series. In the case of lossless materials (" 2 I R) the frequency dependent matrices P and Q are hermitean (P = P , Q = Q ). These properties and the special arrangement of the state variables lead to the structure of (2) (4) wherez = z ?z 1 and Y B is the characteristic admittance matrix which describes the relation between the amplitudes of the magnetic and electrical eld strengths:
The numerical computation of the matrices e p PQ z and Y B can be done by transforming the product of P and Q with a regular matrix to a diagonal structured one 4].
Equivalent Network Representation System{theoretical investigations 3] have shown that the power ow of this kind of gratings can be characterized by the scalar product of x E and x H . This means that the power P which is transported through a rectangular area (within a plane z = const:) with the dimension in x{direction and an arbitrary dimension in y{direction is proportional to the real part of this inner product: P (z) Re fx H (z) x E (z)g : (6) So, the elements of x E and x H can be interpreted as voltages (x E ) and currents (x H ). Therefore, methods well known from network theory are applicable and the dynamical grating behaviour is described by an impedance matrix Z:
The elements (submatrices with half the dimension) of Z Here Z 1 and Z 2 are the port impedances of the network which were chosen as the characteristic impedances of the homogeneous space domains (Z 1;2 = p 0 =(" 0 " 1;2 ). Consider that the port impedances are arbitrary real values.
Summary
An equivalent network representation of an in nite dielectric grating with periodic distribution of dielectric constant is presented. Its mathematical description is based on the Coupled{Wave{Theory. As the obtained vectorial di erential equation has a structure well known from transmission line theory, existing methods for its numerical solution can be used. System{theoretical investigations have shown that the de ned state variables can be interpreted as voltages and currents. Therefore, methods and procedures from conventional network theory can be applied in order to solve di raction problems.
